It was previously suggested that ribosomal protein composition is a useful characteristic for studies of phylogenic taxonomy of bacteria (12) . By analyzing the ribosomal proteins of 60 strains in the genus Escherichia and its related enterobacteria with carboxymethyl cellulose chromatography, these strains were classified into seven groups according to their ribosomal protein compositions, Escherichia coli, Shigella, Salnonella, Arizona, E. freundii, E. paraintermedia, and E. adecarboxylata. The similarity matrix of ribosomal proteins of these groups suggests that (i) E. coli and Shigella or Salmonella and Arizona are very close; (ii) E. coliShigella, Salmonella-Arizona, E. freundii, E. adecarboxylata, and E. paraintermedia are rather remote from one another; and (iii) E. freundii is more closely related to SalmonellaArizona than to E. coli.
Since the publication of the above work, considerable progress has been made in the construction of a phylogenic tree covering both eucaryotes and procaryotes using 5S RNA sequences of various organisms (4, 5) . Using a procedure similar to that for 5S RNAs, we have constructed a phylogenic tree of the enterobacteria from the data of the ribosomal protein compositions previously published, together with some new data on Klebsiella, Enterobacter, and Aerobacter.
MATERIALS AND METHODS Bacterial strains. Bacterial strains whose ribosomal protein compositions were newly analyzed are listed with asterisks in Table 1 . For the strains already analyzed and reported previously, only a summary is given in the table. For details, see Osawa et al. (12) .
Classification of ribosome groups and types. In the previous paper (12) , the ribosomes whose protein compositions revealed more than 90% similarity were classifed into groups and further differentiated into types to distinguish ribosomes with small differences in their protein composition. The groups recognized were E. coli (types C, B, K, KW, and D), E. freundii (types f-f, f-m, and f-i), E. paraintermedia (types p and j), E. adecarboxylata, Shigella, Salmonella, and Arizona. Data in Wittmann (17) ; (ii) some chromatographic protein peaks in the previous paper were dropped because it has been shown that they contain more than one protein; and (iii) new data on some Klebsiella and Enterobacter strains that are described in Table 1 were added (Table 2) .
Carboxymethyl cellulose column chromatography of ribosomal proteins. The labeling of ribosomal proteins with [3H]-or ["4C]lysine, the preparation of labeled 30S and 50S ribosomal subunits by sucrose gradient centrifugation, and the simultaneous analyses of two ribosomal protein samples by carboxymethyl cellulose column chromatography were the same as described previously (13 (18) and Kimura (7) , respectively: were considered to be of the same group, and the newly examined bacteria were classified into the following seven groups.
(i) E. paraintermedia group ribosomes. The ribosomes from Aerobacter aerogenes IFO 3317 were indistinguishable from those of E. paraintermedia p previously reported (12) , and therefore were included in E. parainternedia group ribosomes.
(ii, iii, and iv) Klebsiella aerogenes, K pneumonwne and K ozanae group ribosomes. Klebsiella strains examined here were K. pneumoniae ATCC 13883, K. aerogenes ATCC 13882, and K. ozanae ATCC 11296. Figure 1 shows the comparison between K. pneumoniae and K. aerogenes 30S subunit proteins. It is seen that the protein composition is very similar between the two species compared, the difference being observed only in the S2 and S9 protein peaks. One 50S and two 30S components were different between K. pneumoniae and K. aerogenes. Two 30S and two 50S components were distinguishable between K. aerogenes and K. ozanae. At least three 50S and 30S components differed between K. pneumoniae and K. ozanae. The difference indexes of K. aerogenes-K. pneumoniae, K. aerogenes-K. ozanae, and K. pneumoniae-K. ozanae are 12, 15, and 23%, respectively (Table 3) . Therefore, three ribosome groups, K. aerogenes, K. pneumoniae, and K. ozanae groups, were recognized here according to the criterion mentioned before. These are rather closely related to one another.
(v) Enterobacter aerogenes group ribosomes. The ribosomal proteins from Ent. aerogenes ATCC 13048 (type strain) are considerably different from the other bacteria so far described. Thus the ribosomes of this species were considered to represent an independent Ent. aerogenes ribosome group. To characterize (Table 3) .
The results described above were summarized in Table 2 together with those of the previous paper (12) , which were slightly modified according to the reasons described in Materials and Methods. The number of proteins listed was 26 (npp = 26).
Difference matrix of enterobacteria. Using the data in Table 2 , the fraction of differentiated proteins (pd) and the mean fraction of differentiated proteins (Kpp) of each pair (see Materials and Methods) are described in Table   3 .
Phylogenic tree. The phylogenic tree of enterobacteria was constructed from the Kpp values in Table 3 by the method described in Materials and Methods (Fig. 4) . Points A and B in Fig. 4 , respectively, show the approximate time of divergence between E. coli and Salmonella [>(3.7 ± 2.6) x 107 years ago; Fig. 4A] and between E. coli and Aerob. aerogenes Illinois [;(5.4 ± 3.2) X 107 years ago; Fig. 4B ]. These data were according to Hori (5) , who estimated the values from the 5S RNA sequences. The branching order of the bacteria from E. coli stem may be summarized as first Ent. cloacae-Aerob. aerogenes, then Klebsiella-Ent. aerogenes-E. paraintermedia, E. adecarboxylata, Salmonella-Arizona-E. freundii, and Shigella. It should be noted, incidentally, that two Enterobacter species, Ent. aerogenes and Ent. cloacae, are widely separated from each other, although they have been taxonomicaily classified into the same genus.
Motility. The results of motility tests are summarized in Table 2 [6] ). For instance, the 5S RNA sequence of Salmonella typhimurium differs from that of E. coli by two base substitutions in 120 nucleotide length. The sequence of Aerob. aerogenes also contains only three base changes as compared with the E. coli sequence. Therefore the differences among the related species are so small that it is difficult to establish reliable relationships.
In the present paper, ribosomal proteins are employed for studies on the phylogeny in enterobacteria. It is well known that, in spite of the diversification of amino acid sequences in ribosomal proteins in the bacterial kingdom (6) Generally the number of amino acid substitutions in the homologous proteins is compared to estimate phylogenic relationships, since the rate of amino acid substitution during evolution (Kaa) is assumed to be proportional to the number of years that have elapsed since the evolutionary divergence of the two polypeptides from their common ancestor (7) . In this study, however, the Kpp values derived from the chromatographic differences of ribosomal proteins were used instead of Kaa, which directly stems from the amino acid substitution data. The probability of the occurrence of a net charge difference between two homologous proteins due to a single amino acid substitution has been theoretically and empirically estimated to be 0.3 or 0.4 (10) . Thus it is reasonable to assume that the chromatographic difference of ribosomal proteins in our case is, on average, due to about three amino acid exchanges. Kpp is then roughly proportional to Kaa.
The result of this study is in general agreement with those of intergeneric recombination (2), DNA hybridization (3, 9, 15) , immunology of alkaline phosphatase (1, 16) , and sequences of tryptophan synthetase subunits (8) .
In Bergey's Manual of Determinative Bacteriology, 8th ed. (11, 14) , the generic name "Aerobacter" was rejected and all strains in it were renamed either as "motile" Enterobacter or "nonmotile" Klebsiella. Generally speaking, this classification by motility is consistent with that by ribosomal protein compositions. The nonmotile E. paraintermedia, K. ozanae and K. pneumoniae, and K. aerogenes are related, whereas motile Ent. cloacae and Aerob. aerogenes Illinois are very close; the motile bacteria are far from the nonmotile bacteria. However, our chromatographic studies indicate that the motile Ent. aerogenes is much more closely related to the nonmotile Klebsiella than to the motile Ent. cloacae.
